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!Phis report  contains an analysis of a study and evaluation 

be  used  *th raster-type p i c t o r i a l  air t r&f ic   cont ro l  displey-s. A satis- 
conducted fo r  the purpose of developing an improved cleta presentat ion  to  

factory data presentation i s  a highly desirable  function of radar target-  
tracking w k e r s .  S t  was necessary t o  design e new s ty l e  of alphs-numeric 
charac te rs   to  satisfy the presept  requiremeQte  for B WANBAD data qisplay; 
thus, the  development o f  alpha-numeric symbols sul table  fo r  u m  wlth 
SPAHRAD i s  described i n  considerable detail, T h i s  new deaiepr irrcorporates 
available i n f o m t i o n  on l e g i b i l i t y  and the   Vec i f l c  requirsmente of the  
air t r a f f i c   aon t ro l  environment, making possible the  follwrlng set of 
principles  for  inmediate  applicatlon. 

and heavy in appearance in  both  horivontal  end vertica2  strokes.  
1. Use "bold"  characters:  that is, a type  s tyle  which i s  thick 

t o  a  condensed style,  which i s  t a l l  and naprow i n  appewance. 
2. Use "expanded" type; t h a t  is, a block OF square  style BB opposed 

characters  intense  white and background dead blrak. 
3. Use wimum contrast  between character and bwkgrauud, 

4. Use symbols which a r e   n i n e   t o   t e n   r w t e r  =nee i n  height. 

5 .  Use horisontal  spacing which i s  10 t o  20 per  cent of the v e r t i c a l  
height of the characters. 

6 .  Use a v e r t i c a l  spacing of three rester l ines  between lines or 
row6 of characters. 

7. Use only  upper  case l e t t e r s .  

8. Prwide  a very  brightly  i l luminated  target for the  TII camera. 

If continued  use of raster-type displ@p? is dreirad, it i s  
r e c m n d e d  that (1)  the new design  be  adopted for SFANFiAD data displays, 

illumination requirements. 
and (2) a detailed  teehnlcal study be made ~f S P W  marker 

IBTRODUCTION 

Small data display markers, bearing aircraf% identificatiorm, 
a l t i tude,  an@ so forth,  in the  form of alpha-nwerfc  characters,  are used 
t o   i d e n t i f y  and follow radar ta rge ts  on the superimposed  panorautic radar 
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display (SPARRAD). The markers are viewed  by a Tv camera and displayed 

boats," were used  with  smieileamre of sa t i s fac t ion  a6 SPANlRAD t a rge t  
on a  studio-type  monitor. W l e  these bm-kers, sometimes cal led "shrimp 

markers,  they  did  not  provide a suitable  display of f l igh t   da ta .  

The Tp camera of SPANRAD provides  for  the  display of the markers 
on a Tv screen and the  scaneonverter equipment permits  the display of 
radar targetq on the same screen Thus, t he   des i r ab l l i t y  of the simul- 
taneous  display, on that same ecreen, of the  per t inent  flight data  aseoc- 
i a t e d  with each marker i s  apparent. Such a  display would eliminate  the 

primary d i s p m ,  and fldght-data  str ips,  the secondarJT display. 
necessi ty   for   a  control ler  t o  divide his a t ten t ion  between radar, the 

The use of data  markerg in   the  control  of air t r a f f i c  i s  not 
new, however, with  the  advent  of SPMRAD, new problems  aro6e. The in- 
herent  characterist ics of TV equipment, that is, nlnaber or lines i n  the 
raster ,  camera resolution, lighting, and the  like,  together  with  the  lack 
of comprehensive technical  information  pertaining  to alpha-numeric symbols 
as  applied t o  TV, compldcated the  development of an operationally  satis-  
factory  display of cont ro l   @ta   v ia   th l s  medium. The firm of Courtney and 
Company, under  contract t o   t h e   T e c M c a l  Development Center,  coaduoted 
some research and experimentation dealing with t h i s  

An examination O f  some of the fundwuentel aspects of the  data 
display problem indicated that the key t o  i t s  solution  lay i n  select ing 
or  designing a sa t f s fsc tory   se t  of alpha-numeric symbols. An empirical 
evaluation  indicated that thw Legibility of l e t t e r s  and nuxbers on a TV 
screen may be d ras t i ca l ly   d i f f e ren t  from t h e i r   l e g i b i l i t y  on the printed 
page due t o  IPIT characteristics. 

The procedures  adopted  for  the  evaluation were t o  80me extent 

These are  (1) minlmm-size, alpha-numeric characters which are  onmi- 
dictated by  two fuudamental c r i t e r i a   f o r  a  desirable 6PAtTRAD data   nwker .  

leglble ,  or legible  regardless of e i ther   character  or observer position, 
and (2) a   wrker   l a rge  enough to contain  essential  flight data, yet amall 
enough t o  enable  the  controller  to  follow  the mximm number of ta rge ts .  

A preUminary  stuag  indicated that these  cri teria  precluded  the 
use of available  type  fonts  for  operation. The f i r a t   c r i t e r i o n ,  
minimum-size, onmileglble symbols, was t reated  as   the  focal   point   for  
examination ttnd was s mated b t o  the  following conponentsz (1) type 
style,  (2) type s i z e , Y 3 )  spating, (4) contrast ,  and ( 5 )  illtlmination. 
A study of the  probzem posed by the second c r i t e r ion  will be the  subject 
of a   l a te r   repor t .  

hemorandurn #l, May 15, 1958 (unpubliehed). 

% p o r t  #2l, k b ~ e ~ t  kt, Tuly 1, 1958 (unpublished). 
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EQCPMEBT AND TESP ENVWONMFWI! 

The t e s t s  were conducted at   the   Technical  Development Center (TDC), 

TV system,  photographs and samples of varlous  type fonts,  colored metal 
at  Indianapolis,  Indiana. Equipment consisted of a closed-circuit,  625-line 

plates ,  end a SPANF6AD unit. The closed-circuit Ti component of SPANFLlD was 
the equipment used for the  evaluatlon. The SPAIWAD system was operated and 
used to  verify  the  results  obtained. 

plot t ing  area whlch had been  painted a f la t  black The objects viewed on 
t h i s   p lo t t i ng   a r ea  were displayed on a 27-inch TV tube. The tube  face had 
a height of 18 1/2  inches and a width of 24 inches. Thus, an approximate 

TV tube 
3 2 ra t io   ex is ted  between the  s ize  of the   p lo t t ing   a rea  and the   s ize  of the 

The SPAFIRAD camera used i n  this evaluatlon viewed a 30- by 36-inch 

fixed boom perpendicular t o   t h e  TV screen and projectlng  over  the  center of 
the  tracklng  board. It was equipped  with  an f 1:4, 25-mm lens ,   v i th  an f 2 
set t ing.  The lens  face was approximately 5 inches from a 6- by  a-inch, 
front-silvered  mirror mounted a t  a 45" angle. The distance from the  mirror 
to   the  t racking  board was approxlmately 63 1/2  inches The ambient l i g h t  
was approximately 20 foot-candles,  furnished by 320 watts of fluorescent 

fluorescent  tubes,  each  tube  rated at 40 watts, mounted on opposite  sides 
lighting. The lightlng  consisted of  two groups of @-inch, cool white 

perpendicular  to,  the camera boom.  The distance from the  center of each 
of the   face of the TV screen Each group was centered 50 inches from, and 

light f ix ture   to   the   cen ter  of the  tracking  board was approximately 9 f ee t ,  
See Fig. 1. 

The TV camera, an RCA Type TI( 218, was mounted hor izonta l ly   in  a 

TEST PROCEDURES 

available which were pertinent t o  the  problem. A s  a result of the  screening, 
many type  styles were eliminated from further  consideration,  since  they ob- 

peared t o  be  nearest   to  meetmg  the  basic  requlrements  for  acceptabili ty 
viously were unacceptable. O f  the  remalning  type  styles,  those which ap- 

were selected f o r  further  study. 

The evaluating group first screened  the  relatively few studies 

photographic  reproductions were made of each style.  Character  height was 
varied from  3/16-inch t o  3/4-inch, i n  increments  of  1/16-inch Each s ty le  
was reproduced, i n  each slze,  En both  white on black and black on whfte. 
These  samples then were prepared for  observation of  form of individual 

t ion,  random groups of characters and random groups of words were prepared 
characters  in  each s ty le  and of each s i z e   i n  a par t icular   s tyle .   In   addi-  

f o r  the  purpose of observing  mlticharacter  cohesion. 

Samples of those  type  styles chosen then were obtamed and 

equipment  and the  target  tracking  board.  There were several   phases  in  the 
evaluation. These were" 

The evaluatlon  incorporated  the TV portion of the  SPANRAD 
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Phase i - Selectlon of t he  knlmum-Size  Legible  Character. 

tracklng  board, and through  the  process of dlrect  observatlon of the  char- 
ac t e r s  as displayed on the TV scIeen,  the rmnmum leg ib l e   s l ze  was quickly 
ascertalned. 

Phase 2 - Selectlon of t he  Most Acceptable  Style 

s t y l e  of each l e t t e r  of the  alphabet was evaluated on a "yes - no" bas is .  
If "yes,"  the  style of t h e   l e t t e r  was se t   as lde  f o r  further comparison. 
If "no," the   s ty l e  of t h e   l e t t e r  was not  consldered  for  further comparison 
Each s tyle   required a majority  vote of the  evaluatlng group i n  order t o  
qua l l fy   for   fur ther  comparison. When th is   p rmary   se lec t ion  was completed, 
a l l  of the   s ty les  of each l e t t e r  were evaluated agaaln in   a lphabet i@al   se-  

was followed In evaluating  the numerals In  some Instances  there was no 
quence t o   s e l e c t  the   bes t   s ty le  of those avai lable  Thls same procedure 

acceptable  style fo r   e l t he r  a par t icu lar  l e t t e r  o r  numeral 

Random characters  In  each size of each s t y l e  were placed on the 

S ta r t ing   w l th   t he   l e t t e r  A and  proceeding i n  sequence,  each 

subjected  to  a detalled  study. Each l e t t e r   f l r s t  was placed on the  SPANRAD 
tracklng  board  in a normal horizontal  positlon,  then  rotated  through 360" 
so that the  character  could  be  observed  in and  from all angles. During 
this   process ,  comments from the  observers were recorded; for example, 
"B appears as an 8 a t  90" I' 

When the  s tyle   select ion was completed,  each l e t t e r   t h e n  was 

The recorded comments and cr l t ic lsms became the basis f o r  
desirable   features   to   be  incorporated  In   the  deslgn of a new alphabet 

28, and 2C, and then  subjected t o  the  evaluatlon  process  described  above. 
s tyle   Several  deslgns of each l e t t e r  were drawn as shown In Fig. 2A, 
The bes t  of the  new designs  then was compared with  the  best  of t he  
prevlous  styles  for a final style   select lon 

Phase 3 I Selectlon of the Most, Acceptable Form of Contrast. 

displayed  simultaneously on the  tracking  board and on the  TV screen, and 
(2) data  dlsplayed on the  tracking  board  but  not  bsplayed on the  TV 
screen, i n   o r d e r   t o  reduce  screen  clutter. 

This  selection was consldered from two viewpomts (1) data 

black on white These colors were selected  slnce  they  afforded  the maxi- 
mum avallable  contrast  The samples were placed on the  tracklng  board  for 
b r e c t  observatlon of the  data on display Then, by obsenration of t h e  
same data &splayed on the TV screen,  the  evaluatlng group was ab le   t o  
determine which contrast  form presented  the most s a t i s f a c t o r y   l e g i b i h t y  

Under Item (11, comparison was made between white on black and 

on red were selected  This  choice was based upon the   fac t   tha t   these   co lors  
present a minimum of cont ras t   In  normal TV presentation,  but  retain  then- 
true color  values on the  tracklng  board.   In  order  to  determine whether 
dark  red was b e t t e r  than light red,   metal   p la tes   painted  e l ther  dark or 

Under Item (21, the  color  comblnatlons of red on black and black 
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made, the  evaluatlon group wrote l e t t e r s   i n  random order, with black  5eabe 
l igh t   red  were placed on the  tracklng  board When the  choice of red was 

pencil ,   on  the  red  plates.  By t h i s  method, a d i r ec t  comparison  and 
evaluatlon were possible. 

Phase 4 - The Effect of I l L m n a t l o n  Upon Marker L e o b i l i t y  

Three leve ls  of  illurmnatlon were t r ied   wi th  white on black and black on 
whlte  target  markers Although the  br ightness   levels  were not measured, 
they were c lear ly  and d i s t lne t ly   d l f f e ren t .  

Phase 5 - Requirements for   the   Ver t ica l  and Horizontal Spaclng of Characters. 

A very  llrmted  mves-tlgaTion was conducted on the SPAmRAD display. 

a Random p a n s  of characters were placed i n  a single,  
horizontal  row n t h  a varmble  spacing between characters.  
The amount of  spacing  varied from zero, where the  charac- 
t e r s  touched, ro 100 per  cent of the  character  height 

par t la l   d l sp lay  of f l l gh t   da t a  These characters were 
treated  with  the same spaclng  var ia t ions  as   s ta ted  in  a , ,  

c Random characters were placed  in  a v e r t l c a l  row with  spacing 
above 

between characters  variable from  zero t o  100 per  cent of the  
character  helght 

d .  Three horlzontal  rows of characters  representing  f l ight  data 
were so arranged  that   the  vertical   spacing between rows 
varied from zero   to  100 per  cent of the  character  height 

b.  Approprlate  characters were selected t o  simulate  the 

RESULTS 

s ty l e  of type  face would be  typif ied by a generally  square  outline and 

ul t ras impllf lcat lon of type must be  taken,  smce  the loss of even  one compo- 
thick,   sharply  deflned  vertical  and horizontal   l ines.   Precautions  against  

nent i n  transmission of a character may l e a d   t o  an er ror .  For example, should 
t h e   t e m n a l   s l a s h  of an R be   b lur red ,   the   l e t te r  may be  read as P i n  some 
s ty l e s  Opposed to the   ul t ras lmple  s tyle  1s the   overident l f ied  s tyle  which 
t ends   t o  be  transuutted  as a s lngle   blur  Examples of uusatlsfactory  type 
styles  are  presented  In Flg. 3.  

A r enew of available l l t e r a tu re   i nd ica t ed  that an  acceptable 

by a comblnatlon of two methods; flrst, by the  use of s e r l f s   f o r   d i s t i n -  
It was found that   character   ident i f icat ion may be  accomplished 

t e r  form t o  carry  the burden of dlscrlrmnation  Slnce  individual  type  fonts 
gu ish ing   le t te rs  of similar appearance,  and  second,  by  the  use of charac- 

vealed  that  a combmatlon of fonts  must be  considered  In  order  to  select  an 
genera l ly   u t i l i ze  one s lngle   s tyle   ( for  example, serifs),  examination  re- 

acceptable   s tyle   for  a SPANRAD alphabet. 

The theore t ica l  rmn~rrmm h e i g h t   f o r   l e a b i l i t y  on closed-circult  
TV systems i s  f ive  ras ter   l ines   per   character ,  however, the  operatlonal 
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rmnlmm 1 s  seven l ines,   provlded  that   the  entlre  system 1 s  operating 
prcperly A more practicable  standard 1s nme  to   t en   lmes   per   charac-  

then  characters of 1 2   l l n e s  or more In  helght would be even more su l tab le  
ter,   provlded  that   the  type  style 1 s  sul table  If s i ze  were no ObJeCt, 

75 per  cent of the  height and the   l i ne  or stroke thickness should  be 
for   the  human viewer. The wldth of the  characters  should  be  approximately 

between 20 and 25 per  cent of the  height 

b e  Style 

Extra Bold, Spartan Bold, or Square  Gothlc  type  styles w d d  be  the most 

was observed, however, that when the  individual   characters  were placed  in  
l e a b l e  of those  available T h s  was verified  during  the  evaluation. It 

posl t ions  other   than  for  normal reading, many of the  characters   e i ther  
f i l l e d  In  or blurred. The l e t t e r  C,  fo r  example, became an 0, while  the 
f igure 8 and t h e   l e t t e r  B appeared  the same  Wmle some l t a l i c l z e d  nu- 
merical  characters were quite good, l ta l ic lzed  a lphabet ical   characters  
were completely  unsatisfactory when not i n  a normal posit lon.  The flnal 

best  were l e t t e r s ,  Memphis Bold,  and  numerals,  Spartan Bold I t a l i c  See 
selectlons of t h e  commerclally avai lable   s tyles  which appeared t o  be  the 

Flg 4 

The data sugges ted   tha t   l e t te rs  of t he  Memphls Bold, Memphls 

The factors   s ta ted above created a situatlon  wherein it became 
mandatory that a new style  alphabet  be  deslgned  in  order t o  meet t he  op- 

Fig. 5. A photograph of t h i s   s t y l e  as vlewed on a TV screen,  usmg 
eratlonal  requirements. A satlsfactory  style  has  been  developed. See 

normal ambient llght, i s  shown In Fig 6 

Type Size. 

characteis  required a ver t lcal   helght  of 3/8-inch due to   the  625-l ine TV 

tube ,   th i s  3/8-lnch helght, when viewed on the TV tube, was reduced t o  
system. When using a 3.2 r a t l o  between the  plot t ing  board and the Tv 

approxlmately  1/4-lnch 

, In  order  to  achleve a 9- t o  1O-lme  helght,  the  alpha-numeric 

that- 'under  nearly  perfect conditlons, a person  viemng a 3/8-lnch-high 
A measurement of l e t t e r s  on a standard eye t e s t  char t  showed 

l e t t e r  should  be  able t o   r e a d   t h e   l e t t e r  at  a distance of 15 f ee t .  A 
l e t t e r  3/16-inch hgh should  be  readable at a distance of 10 f e e t .  When 
considering  this  scale,  a SPAFTRAD operator  should  be  able  to  read a l e t -  
t e r  1/8-lnch high a t  the normal  operatlng  distance of 4 feet  provlded 
that  both  the  vlewing  conditions  are  nearly  perfect and t h a t  an adequate 

viewed by  the TV camera, due t o   t h e  3.2  reduction ra t lo  
r a s t e r  system i s  used Thls r e q u r e s   t h a t  a 3/16-inch-high  character be 

Spaclng. 

characters or rows of characters  varies from 3 t o  4 ras te r   l ines ,  or ap- 
proximately 1/8-inch when using  the 625-11ne r a s t e r  system. It was 
noted that rows of characters formed a f igure  or pat te rn  which had 
considerable  cohesion, and therefore ,   the  rows could  be  placed fairly 
close  together 

The m i n i m   v e r t l c a l  spaclng between ei ther   individual  
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The m n i m  horizontal  spaclng  varies  from 10 to 20 per  Cent  of 
the  character  height.  This m n i m  depends,  at  least  in  part,  on  the 

lowed  too  closely  by a 3, the  result.  appears  as a B, but  if 1 is  followed 
characters  involved  For e q l e ,  In some styles,  if  the  numeral 1 is  fol- 

closely  by an X, both  letters  transmit  satisfactorilyJT. A review  of  pre- 
vious  studies  indlcated  that a horizontal  spacing  of 50 per  cent of char- 
acter  height  is  the  maximum  for  satlsfactory  results  under  any  operating 
conditions 

Contrast 

to  be  used  on  the plottmg board  and  to  be  displayed  on a TV screen,  and 
( 2 )  information  to  be  used  on  the  plottlng  board but not  displayed  on a TV 
screen 

Two conditlons  of  contrast  must  be  considered: (1) information 

the  use  of whte on  black  versus  black  on  white  for  visual  perception. 
Some  of  the  material is contradictory  In  either  case, a high  contrast  is 
a requisite  to  good  legibility. In the  case of TV, it  1s  obvious  innnedl- 

Four experienced SPANRAD operators estimated the  superiority  at 50 to 75 
ately to  the  observer  that  white  on black 16 superior  to  black on  white. 

per  cent A very  crude  psychophysical  check  revealed  that  observers  were 
able  to  read  correctly a whlte-on-black  type  which wa6 approximately 
one-third  smaller  than  the  identical  type  in  black  on  white 

1. There  is a considerable  amount of published  information  concerning 

2 Occasionally  there is an operational  need  to  follow a radar 
target  but  not  show  the  target marker  on  the Tv screen in order  to  reduce 

tensities  of  red  photograph as  corresponding  intensitles of gray.  In  view 
screen  clutter. A peculiarity of  black and white !lT is  that  different  in- 

of  this,  and  slnce  the  plottlng  board  is  black,  marker  color  combinations 
of  black on red  and  red  on  black  were  evaluated  for  direct  vlsual  percep- 
tlon.  It was estimated  that  black  letters  on a light  red  background  were 
20 per  cent mre leglble  than  black  letters on a dark red  background.  Black 
on light  red was estimated to  be 30 to 4.0 per  cent  superior  to  either  shsde 
of  red on a black  background 

Illummatlon. 

gze, vlsual  aculty,  and  background  brightness A very  limited  investi- 
There  appears  to  be a definite  correlation  between  contrast, 

gatlon  of SF'ANRAD target-marker illwnatlon was  performed. The three 
levels of llluminatlon  were. 

1. 320 watts  of  cool  white  fluorescent  lighting,  from a distance 
of 8 to 10 feet 

2. Two 150-watt  incandescent  lamps in reflectors,  from a bstance 
of 4 feet. 

3 Two No 2 photoflood  lamps,  from a dlstance of 4 feet 
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and  overload  the TV c l rcu l t ry   In   addl t ion ,   the  amount of hea t   emt t ed  
from the  lamps was unbearable to  the  observers,  so it had t o  be abandoned 
Illurmnation  system No 2 was brlghter  and clearly  superior t o  system Bo. 1 
in t ha t   t he  same markers were more vislble,  smaller  type  could  be  read  with 
equal  success, and type  styles whlch were p rev lms ly   i l l eg ib l e  were 
considerably improved or  became completely l e a b l e .  

Illumination system No 3 was so br lght   as  t o  dazzle  the  observers 

mdica t e   t ha t  none are sa t i s f ac to ry   fo r   u se   mth  SPAFIRAD 
1. The study and evaluation of commercially available  type  styles 

sat isfactory  for  marker data display and it i s  believed  they  are 
satisfactory  for  use  with any raster-type  display. 

2. The alpha-numeric  characters  developed  during t h i s  study are  

3. The evaluation  demonstrated  that SPANRAD, using a 625-line raster 

height  provlded  that a sat isfactory  type  s tyle  i s  used. It appears  that  a 
system, requlres  properly  spaced  upper  case  characters of 3/8-inch minmarm 

TV system, using a 27-inch bsplay  tube  and  containing 875 l i n e s   i n   t h e  
ras te r ,  would p e m t  a reductlon i n  alpha-numerlc character  size of 
approximately  one-third. 

4 It appeared t h a t  for optimum alpha-numeric  character  lembili ty on 
closed-circuit  TV systems, the  characters  should  be  light  and  should  be 
displayed on a dark background However, In  another  si tuation where l e s s  
contrast  was desired  (as for reductlon of screen  clutter),  black  characters 
on a light red background  produced the   bes t   resu l t s  

illurmnation  the  greater  the  character legibility. 
5 I n  general, it m y  be  stated  that ,   within limts, the   b r ighter   the  

RFCOMMENDATIONS 

It is recommended tha t :  

1 An lnvestlgation be made to   a sce r t a in  a sui table  method of 
reproducing the  character   s tyle  developed  during t h l s  study, and t h a t  a 
method be  developed for rapidly forrmng  and  changing the  desired  arrange- 
ment of alpha-numeric flight  information, s o  tha t   t he   t a rge t  marker may 
indicate  current flight data. 

I 

used for the  SPAHRAD marker data dlsplay,  using  either  the 625- or 875-11ne 
r a s t e r  system, or f o r  any  other  raster-type  data  dlsplay 

2. The alpha-nuroerlc character  style  developed  during t h s  study  be 

3. SPANRAD marker illumination  be  glven an exhaustlve  teahnical  study 

raster-type  bsplays,   to  resolve  the  apparently  confhctlng  results  derived 
4 A technlcal  study  be made  of color  combinations, as applled t o  

from the   tes ts   durlng  this   evaluat ion 


















